It has been suggested that the regionally restricted expression of Dlx genes acts to pattern the proximodistal axis of the pharyngeal arches during vertebrate development. Recently, clear evidence of this has emerged from Dlx-5; Dlx-6 double mutants, in which the lower jaw is transformed to an upper jaw.
Dlx-2, while the other elements of the mandible would be generated by crest additionally expressing Dlx-5 and Dlx-6 and distally also Dlx-3 and Dlx-7 (Figure 1 ).
To date, however, mutational studies of the Dlx genes have not clearly demonstrated that these transcription factors function to provide a combinatorial code that specifies proximodistal identity. For example, mice lacking the Dlx-1/Dlx-2 gene pair display defects of proximal arch elements [5] , but the distal skeletal structures are unaffected in these animals. Therefore, to test the role of Dlx genes in the patterning of the distal region of the arches, Depew et al. [1] analysed the elements of the jaw in mice mutant for both Dlx-5 and Dlx-6.
Interestingly, Depew et al. [1] found that the distal region of the first arch assumed a proximal identity in these double-mutant animals. This was first assessed in the embryo using markers that distinguish between distal and proximal domains within the arches. During normal development, the distal territory of the arches is marked through its expression of a number of genes, including Alx-4, Dlx-3, dHAND, Bmp-7 and Pitx-1, while the proximal region displays elevated expression of wnt-5a, Meis-2 and Prx-2. In the Dlx-5; Dlx-6 double mutants, however, the expression of the distal markers was lost, and instead the distal arch territory now expressed proximal markers.
More dramatically still, the morphology of the first arch skeletal elements in these mutants was radically altered. The Dlx-5; Dlx-6 mutants lack a number of lower jaw elements, and in their place they display an additional, mirror-imaged group of upper jaw elements. This transformation of the lower jaw to upper is also mirrored in the soft tissues. In the Dlx-5; Dlx-6 mutants the 'lower jaw' displays, externally, a second set of vibrissae, whiskers and, internally, ectopic ruggae, the ridges of the palate.
With regard to the role of Dlx genes in patterning the proximo-distal axis of the arches, it is informative to compare the results from the Dlx-1; Dlx-2 double mutants with those from the Dlx-5; Dlx-6 double mutants. In the Dlx-1; Dlx-2 mutants, there was a failure in the development of proximal structures [5] , while in the Dlx-5; Dlx-6 mutants there was a clear transformation of arch structures from distal, mandibular, to proximal, maxillary [1] . Although these two sets of results seem somewhat at odds, both phenotypes suggest that the roles of the Dlx genes are to direct the response of the cells of the arches to the patterning cues. Thus, in Dlx-1; Dlx-2 mutants, the proximal cells lack expression of all Dlx genes, so they cannot respond to these cues, the development of proximal structures fails and some ectopic elements form. In contrast, in the Dlx-5; Dlx-6 double mutants most of the arch mesenchyme expresses only Dlx-1 and Dlx-2, and so these cells behave as proximal cells and in response to patterning cues form the upper jaw.
These results, however, still do not reveal whether the nested expression of the Dlx gene pairs function to provide a combinatorial code that specifies proximodistal identity. A test of that would require a comparison of the effects of expressing Dlx-5 and Dlx-6 throughout the mesenchyme of the first arch in animals that were either wild-type or mutant for both Dlx-1 and Dlx-2. If, in both cases an ectopic lower jaw was formed proximally, then one could conclude that Dlx gene pairs do not function combinatorially and that the specification of the lower jaw merely requires the expression of Dlx-5 and Dlx-6. But if an ectopic lower jaw was formed only if Dlx-5 and Dlx-6 were expressed proximally in wild-type animals -that is, in a Dlx-1/Dlx-2-expressing context -then one could conclude that these gene pairs do function combinatorially.
Recent phylogenetic analyses have also provided insights into how the vertebrate Dlx gene family likely evolved [6] . The vertebrates are a subphyla of the phylum chordata, so to understand how the Dlx gene family has evolved it is important to start with an analysis of other chordates, specifically the cephalochordate Amphioxus -nearest extant relative of the vertebrates -which has a single Dlx gene [7] ( Figure 2 ). The vertebrates, however, have more Dlx genes and they often exist as linked gene pairs, suggesting that vertebrate evolution was accompanied by a tandem duplication event which generated a linked gene pair (Figure 2 ). Subsequent to this there were a number of duplication and gene-loss events, which established the vertebrate Dlx family.
In the lineage leading to lamprey -extant jawless vertebrates -this resulted in there being four Dlx genes, one linked gene pair and two single genes [6] (Figure 2) . Importantly, although these Dlx genes are expressed in the neural crest of the lamprey pharyngeal arches, they do not exhibit nested expression [6, 8] . Rather, they are all expressed throughout the proximodistal axis.
In the lineage leading to the gnathostomes, however, there were likely two full rounds of gene duplication, followed by the loss of one gene pair, generating the Current Biology R811 
